A high-volume air sampler and a high-resolution gamma-ray spectrometer have been used during the period 1999-2000 at the University of the South Pacific to measure the activity of 7 Be in the surface air at Suva, the capital city of Fiji. The measurements indicate that the average concentration of 7 Be in surface air is about 1.6 mBq m -3 , which agrees closely with the corresponding values reported for other Pacific islands in the region. 7 Be shows a significant correlation with nitrate in the atmosphere. This could imply long-range transport of anthropogenically-derived continental material to Fiji or the intrusion of nitrogen species from the stratosphere to surface air.
INTRODUCTION
The natural radionuclide 7 Be (gamma energy 477.6 keV, half-life 53.3 d) is produced in the upper atmosphere through cosmic ray interactions with oxygen and nitrogen nuclei. It quickly attaches itself to aerosol particles and is transported vertically to ground level by atmospheric currents. As the above process is the only known source, 7 Be has become a very sensitive indicator of intrusions of stratospheric air into troposphere. A knowledge of 7 Be concentrations in air is therefore useful in understanding the aerosol formation mechanism as well as to study atmospheric transport processes (e.g., Koch et al., 1996) .
Extensive measurements of 7 Be levels in surface air have been carried out globally by various researchers. For example, Larsen et al. (1995) measured 7 Be at 61 locations ranging from Greenland to the South Pole. Uematsu et al. (1994) measured 7 Be at nine Pacific islands ranging from Midway (28°N) to Norfolk (29°S).
By correlating the concentrations of ground level 7 Be with the species such as ozone and nitrates, researchers have tried to account for their sources at ground level (Prospero et al., 1985; Prospero and Savoie, 1989; Savoie et al., 1989) . Dibb et al. (1992) have already demonstrated strong evidence that stratospheric air provides a significant source of ozone, sulfur and nitrogen species at lower levels.
Using a high-volume air sampler and a high-resolution gamma-ray spectrometer, Garimella and Koshy (1998) carried out some preliminary measurements of concentration of 7 Be at Suva (178.5°W, 18.2°S) during Aug. -Nov. 1997, but the data was insufficient to predict the general trend of 7 Be levels for Fiji. The present work (which is a continuation of the previous measurements) describes measurements of 7 Be levels in Suva for one complete year during 1999-2000.
MATERIALS AND METHOD

The Equipment
The high-volume air sampler consisted of a Fuji blower (0.5 HP rating) connected to a rectangular filter frame which accommodated a Whatman 41 filter paper (203 x 254 mm). Weekly aerosol samples were collected using this sampler system at an average air flow rate of 0.57 m 3 min -1 . The aerosol collection efficiency of the filter paper was assumed to be 100% in this work. 7 Be was measured using the high-resolution gammaray spectrometer. The spectrometer consisted of a 100 cm 3 hyperpure germanium (HPGe) detector coupled to a 4096 channel analyser, and had an efficiency of 24% (relative to NaI) and a resolution of 1.80 keV at the gamma energy of 1332.50 keV of 60 Co.
In order to suppress the environmental background radiation, the detector was shielded by 10 cm thick lead walls on all sides such that the distance between the end-cap of the detector and the walls was at least 200 mm in any direction. Figure 1 shows the background spectrum measured by the spectrometer with its lead shield over a period of 2.1 days. The integral background of the spectrometer in the gamma-energy range 30-2048 keV was 1.25 counts s -1 .
For the analysis of nitrate, the High Performance Ion Chromatography (HPIC) was used.
Figure 1
The Background spectrum measured over a period of 2.1 days by the spectrometer with the lead shield. The figure shows gamma lines due to 40 K, and members of the U-and Th-series, but no peak due to 7 Be.
Figure 2
The natural gamma spectrum of an air filter measured by the HPGe spectrometer over a period of 1.2 days. The figure shows, among other background lines, a clear peak due to 7 Be at 477.6 keV.
Determination of 7 Be
A quarter section of the exposed filter paper was folded and compressed into a thin rectangular slab of dimensions 24 x 30 mm and was placed directly on the end-cap of the high-resolution gamma-ray spectrometer for 7 Be measurement. Figure 2 shows the gamma s pectrum measured for a typical air filter, which shows a clear peak at 477.6 keV of 7 Be. The spectrometer efficiency at 477.6 keV was calibrated using standard radioactive filter papers supplied by the Environmental Measurements Laboratory (EML) of the U.S. Department of Energy, New York. For this purpose, the standard filters were folded and packed into polythene bags, which closely resembled the folded 7 Be filter paper sources. The 7 Be activity in filters was calculated using the observed count rates in the 477.6 keV peak, the sampled air volume, the detector efficiency and the nuclear data for 7 Be (half-life and the gamma-ray transition probability). The measured activities of 7 Be in the filters were corrected for decay during the sampling time (about one week), for decay during the waiting period between end of sampling and the beginning of counting (usually less than a month), and for decay during the counting period (about 16.7 h). Several different sections of the same exposed filter were also meas ured for 7 Be activity to make sure that the airflow rate is uniform in the entire area of the filter.
The overall uncertainty of the concentration of 7 Be in surface air resulted primarily from errors in sampler flow rate (one standard deviation of about 5 %), spectrometer calibration (5%), sample cutting and inhomogeneous distribution of activity in the filter paper (estimated at 3%), and in sample positioning on the detector and counting (5%). The overall uncertainty, which was the square root of the sum of the squares of the individual errors, was 9.2% (one standard deviation).
Determination of Nitrate
A second quarter of the exposed filter paper was used to extract nitrate and other soluble species. The extraction procedure used is similar to that of Savoie et al., (1989) with some modifications. The filter paper was soaked in distilled deionised water (DDW) and the soluble species were extracted in 3 × 20 ml DDW. The solution was filtered through a Millipore (0.45µm) filter and stored in the refrigerator at around 4°C. Nitrate standards of 0, 0.1, 0.2, 0.3, 0.4 and 0.5-ppm concentrations were used to obtain a calibration curve. Samples had to be diluted between 10-20 times to analyze nitrate concentration within the calibration range. Figure 3 shows the concentration of 7 Be in surface air at Suva calculated from our measurements on weekly filters for the period September 1999 -September 2000. The highest and the lowest concentrations observed were 3.9 and 0.3 mBq m -3 , and the mean concentration was 1.6 ± 1.0 mBq m -3 . A slight seasonal variation, with a minimum concentration during the period of February to April, can be seen. During the rest of the time, the concentrations of 7 Be were generally high, but showed no pattern. In Table  1 , our results are compared with those of Uematsu et al. (1994) level was found near the equator (Nauru) which indicated relatively less air descending in this area. Also, the 7 Be concentration is less in regions of high precipitation which removes rapidly aerosol containing 7 Be. For continental sites, the mean 7 Be concentration is about 3.7 mBq m -3 (Dutkiewicz and Husain, 1985) . During two cruises in the Pacific Ocean, Young and Silker (1980) found a 7 Be concentration in air that is about 70% of that observed on continental masses. The significant difference in 7 Be concentrations between continents and oceans is attributed to the differences in precipitation scavenging and vertical mixing between the oceans and continents. Figure 4 gives the scatter plot obtained from our measurements between nitrate and 7 Be at Suva, Fiji. The figure shows a significant correlation between the two at 95% confidence level. A preliminary comparison of this result is made with the works of Prospero et al. (1985) and Savoie et al. (1989) to explain the possible sources of nitrates at Suva. Prospero et al. (1985) observed a significant correlation (r 2 = 0.7, N = 33) between the concentrations of nitrate and 7 Be at Midway in the central North Pacific. However since the high correlation was not observed at the stations in the South Pacific, the nitrate concentrations in the North Pacific were believed to have originated from anthropogenic sources rather than through vertical transport from the stratosphere. Earlier Uematsu et al. (1983) have shown the existence of a pronounced transport pattern of continental substances from Asia to the central North Pacific. On the other hand, Savoie et al. (1989) found virtually no correlation between 7 Be and nitrate (r 2 = 0.08, N = 83) at American Samoa. Though a stratospheric source was ruled out, a continental source of nitrate over the South Pacific was suggested through the study of air mass back trajectories. Since Fiji, like American Samoa, is situated in the remote South Pacific region, a negative correlation between 7 Be and nitrate would have been expected. However the relationship is similar to that observed in the North Pacific Ocean. Therefore, a long-range transport of continentally derived material could be a possibility. Nitrogen species such as peroxy -acetyl nitrate (PAN) have the capability of being transported to long distances (Singh, 1987) . Any significant long-range transport must take place in the free troposphere where PAN as a stable inorganic nitrate would be less affected by washout . Merill (1989) explained that the transport of material from Asia to a surface site in the North Pacific occurs by subsidence of the free tropospheric air. As the air moves around a high-pressure centre, the air holding the continental material gradually descends and becomes part of the marine boundary layer.
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The other possibility for the significant correlation in Suva could be the intrusion of nitrogen species from the stratosphere to the marine boundary layer, something that has to be substantiated with meteorological dat a, and which is not known previously in the South Pacific. Further work is continuing to relate the concentration of 7 Be with ozone and other aerosol species such as sulfate to help track their sources in the marine atmosphere. 
